Regulatory properties of the pyruvate dehydrogenase complex from Escherichia coli. Studies on the thiamin diphosphate-dependent lag phase.
The pyruvate dehydrogenase complex from Escherichia coli shows an appreciable lag phase (tau) of some minutes when its overall reaction rate was tested with very limiting amounts of thiamin diphosphate. tau depends on the concentration of thiamin diphosphate in a nonlinear fashion. Sodium diphosphate, a competitive inhibitor with respect to thiamin diphosphate (Ki = 5.2 . 10(-4) M) prolongs the lag, while the strongly binding transition state analog thiamin thiazolone diphosphate has no effect. tau is independent of the enzyme concentration, thus no dissociation-association step is involved. Incubation of the pyruvate dehydrogenase complex with thiamin diphosphate, Mg2+, and pyruvate leads to a shortening of the lag phase, as well as to a decrease of the intrinsic tryptophan fluorescence in a time-dependent process, which evinces the same characteristics as tau. Dependence of pyruvate, as well as of the substrate analog methylacetylphosphonate, can be established by measurements of fluorescence quenching, thus ruling out an essential role of hydroxyethyl thiamin diphosphate in the process reflected by the lag phase. The results demonstrate that the lag phase is induced after the binding of both thiamin diphosphate . Mg2+ and pyruvate to the catalytic site to form a ternary enzyme complex, which undergoes subsequently a slow conformational change to an active enzyme form. This change is confined to single subunits, and no interactions between neighboring monomers could be observed. A model is proposed to describe the mechanism represented by the lag phase.